Red blood cells (RBCs) during microcirculation, aging and storage, lose N-acetylneuraminic acid (NANA) 
Introduction

Red blood cell (RBC) aging in health, disease and storage is of considerable interest. During aging/storage, RBCs lose water, 2,3-bisphosphosphoglyceric acid, ATP, proteins, Hb and vesicles leading to decreasing cell volume, surface charge and increasing density. There is also a decrease of pH and generation of cytokines and bioreactive substances in preserved blood
.
Circulating RBCs are of biconcave discoid shape, 7.8 ϫ 1.8 m, 1 m thin in the middle. They possess unique deformability, thus being able to squeeze through capillaries as narrow as 1.8 m.
During the ~240 km journey in their life span (~120 days), they incessantly squeeze through narrow capillaries [1] [2] [3] . As RBCs become aged, some surface materials, e.g. sialoglycoproteinssialic acids (SA), get sheared off and RBC structures/properties change. In vivo, aging RBCs [8, 9] [1] [2] [3] from stored RBCs affecting cell properties are thought to cause serious side effects of transfusing blood that is older than 14 days [3, [10] [11] [12] . In severe trauma patients, transfusion of blood stored for more than 28 days doubled the incidence of deep vein thrombosis and increased death secondary to multiple organ failure [11] . [13] [14] [15] . Human RBCSAs were found to contain 95% N-acetylneuraminic acid (NANA). Piper [16] was the first to report that RBCs treatment with this enzyme decreased their electrophoretic mobility (EPM) by ~80%. Klenk proposed [14] that ␣-carboxyls of RBC-NANA generated RBC electrical charge determined by cell electrophoresis [17] [18] [19] . Four years later, others [20, 21] [18] [19] [20] [21] . Decreased EPM of RBCs also implies cells carrying lesser charge density () and -potential, which can be derived using the Smoluchowski equation [17] [18] [19] .
undergo membrane changes in band-3 (the erythrocyte anion exchanger) and the neoantigens that appear bind autologous immunoglobulin-G [8], such aged cells become targets for grabbing by macrophages in the spleen (liver, bone marrow) for elimination by the reticuloendothelial system (RES). The biomaterials discharged
Mammalian cells are covered by glyconjugates. RBCs, RBC stroma treated with V.cl.-derived receptor destroying enzyme-(neuraminidase, lyophilized) released SAs
There is a significant biological relevance of RBC surface SA [22] , remaining intact for membrane structure, shape, function and RBC survival [23] . One of the major physico-chemical factors that governs cell interactions is the electrical charge arising from NANA carboxyls and other ionizable chemical groups [17] [18] [19] , which thus have a biological relevance [24] . -potential, which was measured without subjecting cells to unduly harsh treatment, is recognized as a useful probe for information and monitoring membrane events/changes on live/intact cells [17] [18] [19] .
Using phthalate esters Danon and Marikowsky [24] . Two studies [27, 28] [31] . 
RBC fractionation
Flow cytometry
Flow cytometry of Y-RBCs and O-RBCs labelled with the SA-specific SNA-FITC was done by a flow cytometer for the cells fractionated by Percoll and high-speed centrifugation. The exciting wavelength was 488 nm and emission wavelength was ~525 nm. Flow cytometry was also performed for the cells fractionated by Percoll to evaluate the sizes and densities of the Y-RBCs and O-RBCs
Membrane deformability measurements
Measurement on the membrane deformability of RBC was performed by a typical micropipette aspiration technique and the membrane bending modulus Kc was determined by the technique of dynamic image analysis
reported previously [31, 33] . 
Raman spectroscopy of RBC Fractions in suspension
Statistical analysis
The t-tests were performed for statistical analyses on the fluorescent intensities and -potentials of different groups of cells using the SPSS 15.0 statistical software. Figure 2A shows [30] . Therefore, in Figure 2F 
M1, M2 and O-RBCs is shown to indicate that there is really a collinear relationship between the two parameters. Figure 2G presents the enlarged images of QD-labelled Y-RBC to clearly show that there is a very bright intense orange fluorescence ring around the cells and on the cell surface with the dark centre arising from the biconcave discoid doughnut shape of RBCs. Table 1 lists the detailed information about the numbers of cells and the averaged values of -potential in each fraction harvested by the Percoll density centrifugation in 2 ml of peripheral blood from the welldefined layers. All these results show a gradual decrease of -potentials of RBCs in the various fractions, i.e. from those in the lightest fraction of Y-RBCs through to those in the middle fractions, M1, M2 down to the densest O-RBCs, revealing a collinear relationship between the decreasing -potentials and the intensity of fluorescence from QDs bound to all the electron charges on the cell fractions.
These differences between -potentials were independent of gender.
The 2) . Therefore, it was difficult for Seaman et al. [27, 28] 
(Fig. 5B). The intensity ratio of I830/I850 in O-RBC Raman spectra is Ͻ1 in contrast to Ͼ1 for Y-RBC. The concentration increment of the Hb in an old RBC is owing to its volume reduction. Whereas I830/I850 Ͻ 1 suggests that tyrosine is exposed in the Hb of O-RBCs, and there appears to be some degree of aggregation and change/ transformation in the side chains of its intracellular Hb. These observations thus indicate that the intracellular Hb in old RBC has some structural changes in the tyrosine residue and peptide chain of globin. There may also be some degree of denaturation, such as, the increase of unordered coil, in contrast to young RBCs. A similar situation also happens for the time needed for the intracellular Hb to transit from deoxygenated taut/(T) state to oxygenated relaxed/(R) state in Y-RBCs and O-RBCs. The timedependent oxygenation scores of Y-RBCs and O-
to find differences between the EPMs of their 'Y' and 'O'-RBCs fractionated by high-speed centrifugation.
Extensive writings [2, 8, 9] are persuasive that the age-related changes in band-3, (4.1a, 4 .1b ratio) [9] , neoantigens and aggregated IgG on densest/senescent O-RBCs with bound autoantibodies, signal the resident macrophages they are tuned to recognize for elimination.
As is clear from Figure 3 As stated, -potentials govern cell interactions [17] [18] [19] [25, 26] . These studies finally remove the ambiguity and uncertainty [27, 28] [2] and several other references therein).
The high quality of 'cleaned up' blood is of immense practical clinical importance worldwide. It is essential to set up simple routine monitoring quality control of blood in storage [1, 2] to avoid the serious adverse effects [3, [10] [11] [12] 
